The filter paper and activated carbon which filled inside the gas filter have porous media characteristics. In order to study the flow field structure in the filter layer and the activated carbon layer, Computational Fluid Dynamics method is used to simulate the aerodynamic characteristics of a simplified gas filter. The inertial and viscosity parameters of porous media are solved by Forchheimer equation. The three-dimensional N-S equation and the modified low Reynolds number k-ε turbulence model are adopted to analyze the influence of the explosion-proof plate on the gas filter's aerodynamic characteristics. The results showed that the air age in the upstream of the activated carbon plates was small, which easily caused the rapid penetration of the Poisonous gas. And in the downstream and around of the activated carbon plates, the air age is larger, formed dead zone, the utilization rate of activated carbon is lower. The explosion-proof plate increases the pressure drop of the gas filter, the air age distribution in the filter layer is more uniform and the utilization rate of filter paper is improved. However, the explosion-proof plate has little influence on the flow field structure of the activated carbon layer.
Introduction
The gas filter in the collective protection equipment is mainly used in the ventilation system of civil air defense engineering, which can effectively filter the poisonous smoke, poisonous fog, biological aerosol and radioactive dust in the poisoned air, and provide clean air to the works. There are two kinds of gas filter structures: radial flow type and direct flow type. The radial flow gas filter is cylindrical. The direct flow filter is square, and the internal activated carbon plate is arranged in a v-shape. The internal structure of direct flow gas filter is very complex, including shell, explosion proof plate, filter layer, activated carbon layer, etc.
Due to the large size of the gas filter, it is easy to cause low utilization rate of filter paper and activated carbon, and the toxic gas quickly penetrates through the gas filter, reducing the protection time and causing energy waste. In order to improve the utilization rate of filter paper and activated carbon, extend the protection time and achieve the goal of reducing cost and risk, the structure of a gas filter can be optimized. The aerodynamic characteristics of gas filter must be considered when optimizing its structure.
To study the aerodynamic characteristics of a gas filter, it is mainly to study the flow field structure inside the filter layer and the activated carbon layer, especially the airflow distribution inside the activated carbon layer. Filter paper and activated carbon are the main filter materials for filling the gas filter. Both filter paper and activated carbon have porous media characteristics. Experiment method cannot look inside the porous medium such as activated carbon and filter air distribution. With the rapid development of computer and the numerical methods, exploring the aerodynamic characteristics of a flow field using computational fluid dynamic (CFD) tools is helpful in analyzing the flow variables in porous media within a gas filter [1] [2] [3] [4] . The preferential flow (adsorption failure due to excessive adsorption) and dead zone (due to gas does not flow through or residence time is too long lead to insufficient adsorption or basic no adsorption) area. Yin Chia Su and Chun Chi Li et al. used CFD method to simulate a gas mask canister [5] [6] [7] , and the research results were in good agreement with the measured results, providing theoretical basis for the structure optimization of gas mask canister. However, very little existing literature analyzes the aerodynamic characteristics of a gas filter. Therefore, the topic of the aerodynamic behavior of a gas filter with two kinds porous materials is worthy of further research.
The research and development of gas filter in our country basically follows the previous structural design, which is mainly based on experience and actual measurement, and lacks the research on aerodynamic characteristics, which makes the researchers have only a partial understanding of the experimental results and difficult to analyze in depth theoretically, which seriously restricts the optimization of gas filter. Therefore, the computational fluid dynamics method was used to study the aerodynamic characteristics of the simplified rfp-1000gas filter with or without explosion-proof plate. The numerical simulation results can provide theoretical basis for the optimization of gas filter structure.
Problem

Governing Equations
The governing equation is a 3D Reynolds mean Navier-Stokes equation, which Journal of Applied Mathematics and Physics can be written as follows for 3D flows.
where ρ is the gas density; u i is the velocity component in direction of i; p is the pressure; τ ij is the viscosity shear stress tensor; g i is the acceleration due to gravity in i direction. When flow is not laminar flow, Reynolds stress term
associated with the mean flow of Boussinesq hypothesis. The source term S i describes the pressure gradient in the porous medium, which is assumed to be isotropic.
The flow rate of the rfp-1000 gas filter is 1000 m 3 /h, with a Reynolds number of 78,000. Therefore, it is necessary to consider the influence of turbulence and adopts a modified low Reynolds number k-ε turbulent model. The working gas is air, for which ρ = 1.225 kg m −3 , μ = 1.7894 × 10 −5 kg•m −1 •s −1 .
In order to study the preferential flow and dead zone in the porous media region, and solving the transient adsorption mode requires a long computation time. Therefore, air age index is used to investigate aerodynamic behavior within the gas filter. The definition of air age is the local mean age of the fluid, or local mean residence time, which is the average time that a fluid particle takes to reach any point of the domain from the gas filter inlet. A greater air age represents a longer residence time and thus a greater chance for adsorption. However, a great air age means that the air has difficulty flowing through the space, thus forms a dead zone. Using the flow variable distributions described by the air age makes it much easier to determine the position of dead zones by observing the flow structure within porous media [5] . The air age equation is:
where τ is the air age; μ eff /σ τ is the local actual diffusivity in turbulent model; μ eff = μ l + μ t (μ eff is effective viscosity, μ l is molecular and μ t is turbulent viscosity); σ τ = 1 is the turbulent Schmidt number.
Boundary Conditions
The volumetric flow rate of gas filter inlet is constant in all simulations, Q = 1000 m 3 /h. At the inlet, the reference pressure is 101,325 Pa. The outlet boundary condition is the pressure outlet boundary. The no slip boundary is assumed for all solid walls.
Numerical Method
The study uses the FLUENT flow solver. The convection term is discredited with the second-order upwind scheme and the viscosity term is discredited with a second-order central differential scheme. The COUPLE algorithm is the solution algorithm for pressure-velocity coupling. 
Grid and Model
Two simplified structural forms of gas filter with or without explosion-proof plate are studied. The model without explosion-proof plate is defined as model A, and the model with explosion-proof plate is defined as model B, as Figure 1 and Figure 2 shows.
To simplify the computation, this study omits the effect of multi-pleated filter paper and treats the filter layer as a single layer. The two porous layers are assumed to be homogeneous and isotropic. For computational efficiency, only 1/2 of the full 3D model is simulated. Unstructured tetrahedral mesh is used. Figure   3 displays the grid of model A. 
Porous Media Parameters
The pressure drop of the gas filter mainly comes from filter paper and activated carbon. Since the Reynolds number of rfp-1000 gas filter is 78,000, not only the influence of viscosity but also the inertial effect should be considered, so the Forchheimer equation is used to describe the momentum dissipation of fluid flowing through porous media:
where α is the reciprocal permeability of the porous material, or viscosity parameter. β is usually called the inertial parameter. ΔP is the pressure drop of the porous medium zone. L is the length of the flow direction; μ is the fluid viscosity. Vs denotes the superficial velocity of the fluid entering the porous medium zone.
The filter paper and activated carbon used in the rfp-1000 gas filter are consistent with the references [8] . Therefore, the coefficients of the filter layer and the activated carbon layer are consistent with the references [8] .
The coefficients for the filter layer are determined as 
Results and Discussion
Empty Gas Filter Simulation
The aerodynamic characteristics of the gas filter without filling filter paper and activated carbon are numerically simulated. 
Air Age
The aerodynamic characteristics of model A and B with filling filter paper and activated carbon are simulated. 
Conclusions
In this paper, CFD method is used to study a simplified rfp-1000 gas filter with a very complex inner configuration of two porous media. The influence of explosion-proof plate on the aerodynamic characteristics of gas filter was investigated.
The numerical simulation results reveal that, when the gas filter without porous media and explosion-proof plate, a large backflow vortex is formed in the filter layer, and the airflow velocity decreases. When the gas filter has explosion-proof plate, the airflow speed increases, a backflow vortex is formed also, but the backflow vortexes are smaller than those without explosion-proof plate. Filling with filter paper and activated carbon, the air age value in the upper 1/3 area of the activated carbon plates is smaller, which is easy to cause rapid penetration of the poison. The downstream and around of the activated carbon plates, the air age value is larger, formed dead zone. Activated carbon is not fully used. The air age distribution in the filter layer of gas filter with explosion-proof plate is more uniform and the utilization rate of filter paper is improved. However, the explosion-proof plate has little influence on the flow field structure of the activated carbon layer. The results of this study will be helpful in designing gas filter, and reveals that the development of a gas filer with high utilization rate of the porous media is feasible. The influence of other components on the aerodynamic characteristics of the gas filter will be further optimized.
